This paper reviews recent results obtained on long-chain fatty acids (LCFA) anaerobic degradation. Two LCFA were used as model substrates: oleate, a mono-unsaturated LCFA, and palmitate, a saturated LCFA, both abundant in LCFA-rich wastewaters. 16S rRNA gene analysis of sludge samples submitted to continuous oleate-and palmitate-feeding followed by batch degradation of the accumulated LCFA demonstrated that bacterial communities were dominated by members of the Clostridiaceae and Syntrophomonadaceae families. Archaeal populations were mainly comprised of hydrogen-consuming microorganisms belonging to the genus Methanobacterium, and acetate-utilizers from the genera Methanosaeta and Methanosarcina.
INTRODUCTION
Wastewaters, particularly those from food processing industries, contain considerable amounts of long-chain fatty acids (LCFA). These compounds, resulting from the hydrolysis of oils and fats, are potentially attractive for biogas production because of their high potential methane yield. Yet, removal of LCFA from the wastewaters prior to anaerobic treatment is rather standard, which implies the loss of heir energetic value.
Reasons for this procedure are, basically, related with the recurrent reports on the alleged toxic/inhibitory effect of LCFA towards methanogenic activity (e.g. Hanaki et al. 1981; Koster & Cramer 1987; Rinzema et al. 1994) , as well as with problems of sludge flotation and washout during the treatment of LCFA-rich wastewater in high-rate anaerobic reactors (e.g. Rinzema 1988; Hwu et al. 1998a; Hwu et al. 1998b) ( Figure 1A ). However, studies conducted at our research group showed that the adverse effects of LCFA on anaerobic sludge functionality are not irreversible and that, under appropriate conditions, LCFA can be efficiently converted to methane (Pereira et al. 2003 (Pereira et al. , 2004 ) ( Figure 1B ). Cycles of continuous feeding of lipid/LCFA-rich wastewaters followed by batch degradation of the accumulated substrate might be an appropriate way to treat this type of wastewater.
In methanogenic reactor systems, LCFA degradation proceeds via b-oxidation, yielding acetate and hydrogen, doi: 10.2166/wst.2008.090 which are subsequently converted to methane and CO 2 (Weng & Jeris 1976) . The overall conversion involves the concerted action of LCFA-oxidizing bacteria and methanogenic archaea that utilize hydrogen and acetate (Schink 1997) .
In environments where sulfate is present sulfate-reducing bacteria can oxidize LCFA to acetate and CO 2 (or ultimately only to CO 2 ), with production of sulfide (Rabus et al. 2000) .
Thus far, 10 acetogenic bacteria have been characterized that grow on fatty acids with more than 4 carbon atoms and up to 18 carbon atoms, in syntrophic association with methanogens.
They all belong to the families Syntrophomonadaceae within the group of low G þ C-containing Gram-positive bacteria (McInerney 1992; Zhao et al. 1993; Wu et al. 2006), or Syntrophaceae in the subclass of the d-Proteobacteria (Jackson et al. 1999) . Described sulfate-reducing LCFA-oxidizers are relatively more diverse and are distributed among 13 different genera within the Desulfobacterales, Desulfuromonadales and Syntrophobacterales orders (Rabus et al. 2000) . the sludge is observed. LCFA accumulation is progressive and, at long last, conversion to methane stops and the sludge, then enclosed by a whitish foam, starts to float and to washout from the reactor. These operational problems, associated with the theories of LCFA toxicity towards anaerobic communities, required lipids/LCFA removal from wastewaters before biological treatment. (B) Batch incubation of the LCFA-"loaded" sludge, without addition of other carbon or energy sources, demonstrated that this sludge is actually still able to convert the biomass-associated LCFA to high amounts of methane. These results contradict the findings about the severe and irreversible toxicity of LCFA and suggest that the apparent inhibition during continuous LCFA feeding is reversible. New perspectives for the efficient conversion of LCFA to methane, potentially based on a two-phase process (LCFA continuous accumulation followed by batch degradation), are prospected from these new insights.
LCFA-DEGRADING MICROBIAL COMMUNITIES IN METHANOGENIC REACTORS
Microbial communities present in sludge samples submitted to a cycle of continuous LCFA-feeding followed by batch degradation of biomass-associated substrate were studied by using molecular techniques. A total of five sludge samples were (Figure 2, bands 21 and 22). This might be related with differences in the acetate concentration during the continuous feeding and batch degradation. In fact, acetate concentrations in the continuous reactors were rather low (below 300 mg L 21 ), favoring the dominance of Methanosaeta spp that have a high affinity for acetate (Jetten et al. 1992 ). On the other hand, during batch degradation, the release of large amounts of acetate to the medium due to degradation of the biomass-associated LCFA might create favorable conditions for growth of Methanosarcina spp, which have a lower affinity for acetate but a higher growth rate than Methanosaeta spp (Jetten et al. 1992 ). role in anaerobic oleate degradation in bioreactor sludge.
MICROBIAL COMMUNITIES PRESENT IN OLEATE-AND PALMITATE-ENRICHMENT CULTURES
Moreover, the fact that these microorganisms are present in the oleate-degrading sludges but not in palmitate-degrading sludges suggests their direct link to oleate degradation. 
CONCLUSIONS

